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@ IHber optical coupler. 

® The device Is constructed by an optical 
waveguide (4) having an incident port (4a) for receiv- 
ing incidence of energy lights from plural systems, 
an inner reflection surface (4c) which is a closed 
surface provided from the incident port to the rear 
thereof and an irradiation port (4b) formed on the 
rear end part of the Inner reflection surface for 

FIG. 2 



irradiating the energy lights and an optical fiber 
disposed on the rear side of this optical waveguide 
for receiving incidence of the energy lights irradiated 
from this irradiation port. Thus, it is possible to 
couple energy lights from plural systems in single 
focus without needing any precise arrangement of 
optical elements. 
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BACKGROUND OF THE iNVENTiON 

The present invention relates to a fiber optical 
coupler for coupling energy lights from a plurality 
of systems into a single optical fiber (light guide 
fiber). For example, the invention relates to an 
optical fiber coupler for coupling laser beam trans- 
mitted by a plurality of optical fibers, in particular 
the one for coupling power laser beams transmitted 
by a plurality of optical fibers. 

The energy lights transmittable through optical 
fiber includes illuminating lights, laser beams, etc. 
When these illuminating lights and laser lights Ytere 
transmitted through the optical fiber, one light 
source device or one loser oscillator was optically 
connected to a single optical fiber. Then, through 
this single optical fiber the energy lights were 
transmitted to their utilization points. When a power 
exceeding the maximum output of one laser os- 
cillator is necessary, outputs from a plurality of 
laser oscillators must be combined and a work- 
piece must be irradiated with them. Similarly, in the 
case where illuminating light transmission by this 
type of optical fit>er is applied to an illuminating 
light transmitting device needing a large light quan- 
tity, it is also necessary to couple illuminating lights 
from a plural number of optical fibers respectively 
connected to a plurality of Illuminators with a single 
optical fiber. Further, when power laser beams and 
guiding visible laser beams are transmitted by one 
and the same optical fiber, it to necessary to cou- 
ple power laser beams from the optical fiber there- 
for and visible laser beams from the optical fiber 
therefor. 

Thus, conventionally, various types of fiber op- 
tical coupling systems have been offered. For ex- 
ample, according to the one disclosed in Japanese 
Patent No. 2-50105, as shown in Fig. 10, power 
laser beams emitted from the optical fibers 100 are 
made to parallel lights respectively by the very 
small collimating lenses 101. These paralleled pow- 
er laser beams are made incident on different parts 
of the single condenser lens 102. Then, the optical 
axes of these power laser beams are bent toward 
the focus of the condenser lens 102 and converged 
thereat. At this coupling system in Fig. 10, a work- 
piece was directly disposed on the focus of this 
condenser lens 102 and processed. 

According to the one disclosed in Japanese 
Patent 4-322892. as shown in Rg. 11. after power 
laser beams of plural systems are made to parallel 
beams respectively, they are disposed in parallel to 
one another using prism type mirrors 200. These 
paraliely disposed power laser beams are made 
incident on a plurality of places of the single con- 
denser lens 201 including the central axis. Then, 
they are converged by the condenser lens 201 and 
made incident on the optical fiber at the down- 



stream side. However, at the fiber optical coupling 
systems of these conventional types, various prob- 
lems as described below were created. 

At the one disclosed in Japanese Patent No. 2- 

5 50105. when a workpiece is disposed on the focal 
surface 104, though focuses can surely be coupled 
on a single spot, laser beams can not be coupled 
on the front and rear thereof. TTiat is. the spot is 
divided into three different ones. Thus, even if it is 

10 considered that the optical fiber on the downstream 
side is disposed on the rear side of the condenser 
lens 102 and laser beams are coupled, it will be 
difficult to put it into practice, as it is made neces- 
sary to exactly dispose the incident plane of the 

75 optical fit>er on the downstream side on the focal 
surface 104. In particular, when the one having a 
small diameter is used as the optical fiber on the 
downstream side, it will be almost impossible to 
realize it. as it is made necessary to adjust the 

20 position of a high precision optical device. 

Further, at the one disclosed in Japanese Pat- 
ent No. 4-322892. the optical axes of irradiated 
power laser beams must be disposed in a direction 
orthogonal to the optical axis of the condenser lens 

25 201 and the reflection surfaces of the prism type 
mirrors 200 must be disposed inclined 45 respec- 
tively against the optical axes thereof. Likewise, 
respective optical elements must be precisely ar- 
ranged. When a single condenser lens is used, it 

30 may not be easy to prevent the effect of 
aberration (astigmatism). Therefore, power laser 
beams made incident on the vicinity of the optical 
axis of the condenser lens 201 are converged Into 
focus afar while those made incident on the periph- 

35 eral part thereof are converged into focus near and 
they are never converged at one place. Further, 
beam forms are distorted by reflection of the prism 
type mirrors, and as the effects of heated tens 
phenomena by the condenser lens 201 are made 

40 ununiform when differences in outputs of the re- 
spective power laser beams are generated, the 
beam forms will be further distorted and shifts will 
be generated in the focuses. Thus, in particular, 
when the one having a small diameter is used as 

45 the optical fiber on the downstream side, it will be 
difficult to make all the power laser beams incident 
on this optical fiber and couple them. 

As descrit)ed at)Ove, at any of the conventional 
fiber optical coupling systems, it was difficult to 

50 make the energy beams from plural systems in- 
cident on the optical fiber with a small diameter 
and couple them. Further, even if it is possible to 
couple them on the incident plane of the optical 
fiber on the downstream side at certain output 

55 values by precisely arranging the optical elements, 
shifts in the optical axes and multifocuses at con- 
densing points will be generated by the heated 
lens fluctuations of the optical elements when the 
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output values are changed. Ttius, parts other than 
the core of the fiber is irradiated with high power 
t)eams causing damages to the edge surface and 
internal parts. 

SUMMARY OF THE INVENTION 

Against such a background, it is an object of 
the present invention to provide a fiber optica) 
coupler capable of coupling the energy lights from 
plural systems and of introducing them into a sin- 
gle optical fiber, wherein the precise arrangement 
of optical elements is not necessary and whrein a 
single focus is generated, and no multifocuses are 
generated even when the outputs of light sources 
in the plural systems are changed. 

These and other objects and advantages are 
obtain by providing fiber optical coupler according 
to the present invention having an optical 
waveguide with an incident port through which the 
energy lights from plural systems are made in- 
cident, an inner reflection surface which is closed 
formed from the Incident port to the irradiation port 
thereof, and irradiation port formed on the rear end 
part of the inner reflection surface through which 
the energy lights are irradiated, and is provided 
with an optical fitter disposed on the rear side of 
this optical waveguide for receiving the energy 
lights irradiated through this irradiation port. 

It is possible to embody the idea of the present 
invention in various modes as shown below. 

The optical waveguide is capable of irradiating 
optical t)eams as a multimode irrespective of 
whether the incident beams are single mode or 
multimode. This characteristic is not dependent on 
the cross-sectional shape of the optical waveguide. 
Thus, the cross-sectional shape of the optical 
waveguide may be circular, square or some other 
shape. However, considering efficiency when lights 
are made incident on the optical fiber , having a 
circular incident plane(core), a circular form is pre- 
ferred. 

More particulary. the cross-sectional shape of 
this optical waveguide may be selected to t)e of a 
cylindrical type whose inner diameter does not 
change from the incident port to the irradiation port, 
or of a tapered type whose diameter gradually 
declines from the incident port to the inradiation 
port. In the case of the latter, the beam diameter of 
the irradiation port may be made smaller than 
those of the incident lights. Thus, by making the 
diameter of the irradiation port smaller than the 
core diameter of the optical fiber, the lights irradi- 
ated therethrough may be directly introduced to the 
optical fiber. Also, in the case where a condenser 
lens(convergent system lens) is disposed between 
the irradiation port and the optical fiber, it is ad- 
vantageous in that a spot diameter may be made 



small when lights are made incident on the incident 
plane of the optical fiber. On the other hand, when 
the inner diameter does not change, the reflection 
angles of incident light beams are constant ir- 

5 respective of the length of the optical waveguide- 
(i.e.. the number of reflecting times) and the prob- 
lem of returning of the incident light beam, caused 
by the changes of the reEIection angles will not be 
created. Thus, by increasing the length of the op- 

10 tical waveguide and increasing the number of re- 
flecting times, the characteristic of the irradiated 
lights on the multimode may be improved. 

Further, this optical waveguide is formed of a 
layer where the refractive index is high and a layer 

15 where the refractive index is low and lights are 
transmitted being reflected on the Iwundary (inner 
reflection surface) therebetween. In this way, the 
present invention allows use of the optical 
waveguide(a kaleidoscope) wherein, e.g., an air lay- 

20 er is surrounded by a metal and the surface of this 
metal is used as the inner reflection surface or e.g.. 
an optical waveguide, wherein a dielectric medium- 
(a glass, etc.,) having a high refractive index is 
surrounded by a dielectric medium(a glass, air, 

25 metallic coating, etc..) layer having a low refractive 
index and the inner surface of the latter, that is, the 
t)oundary, is used as the inner reflection surface. 

Further, a plurality of incident ports of the op- 
tical waveguide may be provided. In this case, a Y 

30 branch and grating are provided within the optical 
waveguide and thereby coupling Is allowed there- 
within. 

Further, the relation between the optical 
waveguide and the optical fiber on the downstream 
35 side may be determined by the following expres- 
sion: 

tie * a + 0 <(rout*/Ri)«sin ^NAout^i- 

40 Herein, N indicated the number of times that 

the laser beam reflects on the reflection surface 
within the optical waveguide; e the total angle of 
the reflection surface 4c (in Rg 2) therewithin, a 
the inclined angle of the optical axis of a laser 

45 beam made incident on the optical waveguide to 
the axis thereof, fi the convergent angle of this 
laser beam, rout ^i the core radius of the optical 
fiber on the downstream side, Ri the radius of the 
irradiation port of the optical waveguide and NA^ut 

50 ^1 the numerical aperture of the incident end of the 
optical fiber 7 on the downstream side. 

"Plural systems" or "Energy lights from plural 
systems" mean that lights from a plurality of light 
sources or laser oscillators have been transmitted 

55 by different systems, respectively. This type of 
transmission is not limited to transmission by 
means of an optical flber. but also includes, trans- 
mission of lights in the air (in the case of a laser 
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beam) or via a relay lens (in the case of an 
illuminating light). 

Herein, the tennn "energy lights" means that 
lights are treated paying attention to their use as 
energy, that is, illuminating, heat processing, etc. 
This type of energy light includes an illuminating 
light, a power laser t>eam and a guiding visible 
light. 

The optical fit>er used by the present invention 
includes a single fit>er system wherein energy 
lights are transmitted by only one optical fiber, and 
a fiber bundle system wherein energy tights are 
transmitted by a bundle of optical fibers. In the 
case of the former, as cores for transmitting lights 
within the optical fiber concentrate on the center 
thereof, laser beams say be collected only on the 
core parts of the incident end surface. On the other 
hand, in the case of the latter, as the diameter of 
each single fiber is made small, the bending char- 
acteristic of the optical fit>er may be improved. 

Thus far, the essential components of the de- 
vice according to the present invention have been 
described. However, other components descrik)ed 
below may also be added. 

In addition to the optical waveguide and the 
optical fiber, it is possible to add an optical fiber for 
introducing energy lights provided between the 
light source or the laser oscillator and the optical 
waveguide. For this optical fiber introducing energy 
light, as in the case of the optical fiber described 
above, the single fibber system or the fiber bundle 
system may be used. This optical fiber may be set 
by determining the position and the direction of its 
exiting end so as to make energy lights irradiated 
therefrom incident on the incident port of the op- 
tical waveguide. Thus, compared with the cases 
where other optical systems are used and lights 
are transmitted in the air, its setting is easier. 

In addition to the optical waveguide, the optical 
fiber and the optical fiber introducing energy light, 
It is possible to add a first lens for introducing 
energy light provided between the optical fiber 
introducing energy light and the optical waveguide. 
This first lens is one of the convergent system 
lenses including various convex lenses, rod lenses, 
etc. its function is to limit diffusion of irradiated 
energy lights emanating from the irradiating end 
surface of the optical fiber introducing energy light, 
and to make these energy lights incident on the 
incident port of the optical waveguide. Thus, by 
using this first lens for introducing energy light, the 
energy lights may be brought in without increasing 
the diameter of the incident port of the optical 
waveguide and with less losses. Also, in order to 
further improve this effect, the irradiating end sur- 
face of the optical fiber for introducing energy tight 
is only to t>e disposed on a place farther than the 
incident side focusing position of the first lens. In 



this way, the energy lights are converged at a point 
which is located on the side of the irradiating 
surface of the first lens introducing the energy light. 
If the incident port of the optical waveguide is 

5 disposed on this convergent point, the diameter 
thereof may be further reduced. 

As for apertures, an aperture for giving off stray 
light energies to the outside of the system may be 
used. In this case, such materials as ceramic, cop- 

70 per and the like are used for composing this. On 
the other hand, in order to utilize stray light en- 
ergies, use of a ring-shaped parabolic reflector as 
an aperture is allowed. In this case, as the stray 
ligfft energies are returned to an upstream side 

75 holk>w waveguide, transmission losses may be 
limited. The aperture is provided on the front or the 
rear of a second energy light introducing lens de- 
scrit)ed below. 

In addition to the optical waveguide end the 

20 optical fiber, it is possible to add a second lens 
introducing energy light provided theret)etween. 
This second lens introducing energy light is one of 
the convergent system lenses including various 
convex lenses, rod lenses, etc. Its function is to 

25 converge irradiated energy lights emanating from 
the irradiating port of the optical waveguide and to 
make them incident on the incident end surface of 
the optical fiber. Thus, by using this second lens 
for introducing energy light, energy lights may be 

30 brought in without decreasing the diameter of the 
irradiation port of the optical waveguide more than 
the core diameter of the incident end surface of the 
optical fiber and with less losses. 

In addition to the optical waveguide and the 

35 optical fiber, it is possible to add a condenser lens 
disposed on the rear of the irradiating end surface 
of this optical fiber. This condenser lens belongs to 
the convergent system lenses including various 
convex lenses, rod lenses, etc. Its function is to 

40 converge irradiated energy lights emanating from 
the irradiating end surface of the optical fiber and 
to form spots of power laser beams on a work- 
piece. 

Thus far. reference has been made to the 
45 possible addition of optical fiber introducing the 
energy light, the first lens introducing energy light, 
the second lens introducing the light, tiie aperture 
and the condenser lens to the optical waveguide 
and the optical fiber which are the essential com- 
50 ponents of the device. These additional compo- 
nents are not essential and may be used in various 
combinations. For example, the fiber introducing 
the energy light and the second optical fiber in- 
troducing the energy light may be combined, or all 
55 of them may be used in combination. 

The optical fiber coupler according to the 
present invention may be applied to all the devices 
for transmitting illuminating lights or laser beams 
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utilizing the optical fiber. For example, it may be 
applied to medical and industrial laser beam ma- 
chines. 

According to the present invention, energy 
lights sent through the transmission lines from plu- 
ral systems are made incident into the inside of the 
optical waveguide through the incident port thereof. 
TTiese incident energy lights are mult'plexedly re- 
flected and uniformly mixed therewithin. Conse- 
quently, they are irradiated from the irradiation port 
as multimode Ijeams. TTiese emitted multimode 
lights are roughly equal to lights emitted from a 
single light source. Thus, as In the case of lights 
emitted from the single light source, they may be 
made incident on the incident end surface of the 
optical fiber in single focus. 

Further, when an optical waveguide having an 
inner reflection surface whose diameter gradually 
declines from the incident port to the irradiation 
port is used, respective laser luminous fluxes made 
incident on this optical waveguide may be mul- 
tiplexedly reflected on this inner reflection surface. 
In this case, they are coupled as uniform mul- 
tibeams having no directions, condensed as they 
advance on the Inner reflection surface and inradi- 
ated from the irradiation port. The laser luminous 
fluxes thus irradiated are provided with uniform 
strength distribution in a circumferential direction 
and diffused at constant angles. Tlien, they are 
made incident on the incident end surface of the 
optical fiber. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter, However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, ore given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an external view showing a laser beam 
machine using the fit)er coupler according to the 
embodiment 1 of the present invention. 

Rg. 2 Is a sectional view showing the main 
parts of the machine in Rg. 1 . 

Rg. 3 is a view illustrating the reflection angles 
of laser lights within the tapered hollow waveguide 
in Rg. 2. Rg. 4 is a view showing the inner 
construction of a head piece 8 in Rg. 1. 

Rg. 5 is a view illustrating an aperture in Rg. 1. 

Rg. 6 is an external view showing a laser beam 
machine using the fiber coupler according to the 
embodiment 2 of the present invention. 



Rg. 7 is a sectional view showing the main 
parts in Rg. 4. 

Rg. 8 is a view illustrating the reflection angles 
of laser beams within the cylindrical hollow 
5 waveguide in Rg. 7. 

Rg. 9 is a sectional view showing the main 
parts according to the embodiment 3 of the present 
invention. 

Rg. 10 is an outline sectional view showing the 
10 conventional fiber coupler. 

Rg. 11 is an outline sectional view showing the 

conventional fitter coupler. 

PREFERRED EMBODIMENT OF THE INVENTION 

15 

1. Rg. 1 is an outline external view showing an 
Industrial laser beam machine incorporating the 
fiber coupler according to the first emtxKliment 
of the present invention. As shown in this Rg- 

20 ure, the laser beam machine according to this 
emt>odiment is constructed by laser oscillators A 
for irradiation power laser beams, optical fibers 
B on the upstream side from plural systems 
connected thereto, a fiber unifier 1 provided on 

25 the mid-way of these optical fit)ers B on up- 
stream side, a fiber connector 2 provided on the 
irradiating end parts thereof, a first condenser 
lens 3, a tapered type hollow waveguide 4, a 
second condenser lens 5, an aperture 6 and a 

30 optical fiber 7 on the downstream side disposed 
in order on the optical axes of irradiated lights 
therefrom, a headpiece 8 attached to the irra- 
diating end of this optical fiber 7 on the down- 
stream side, an articulated robot 11 for freely 

35 movably holding this headpiece 8 and a machin- 
ing station 10 which is a working table whereon 
a workpiece 9(work) to be processed by this 
headpiece 8 is set. Each of these parts will be 
described t>elow in detail. 

40 The laser oscillators A are for oscillating 

power laser beams of high density and they are 
gas lasers of Ar lasers, etc., or solid lasers of 
YAG (yttrium aluminum garnet) lasers, etc. 
When the YAG lasers are used for these laser 

45 oscillators A, a laser power of about 800W may 
be output from one laser oscillator A. A plural 
number of these laser oscillators A must be 
provided. That is, the laser oscillators A in num- 
ber at least equivalent to the one obtained by 

50 dividing the power output necessary for pro- 
cessing a workpiece by that of each oscillator A 
must be provided. 

The optical fibers B on the upstream side 
for introducing the energy light are for transmit- 

55 ting the laser beams oscillated by the laser 
oscillators A. TTiese upstream side optical fit)ers 
B are disposed in the same number as those of 
the laser oscillators A, the incident ends of the 
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respective fibers B are connected to the laser 
oscillators A. collected into a bundle by the fiber 
unifier 1 at the middle part and connected to the 
fiber connector 2 to become irradiating end 
parts. The fiber connector 2 is for fixing the s 
irradiating ends of the respective optical fit)ers 
B. By means of this, the irradiating ends thereof 
are fixed in parallel to one another and in a 
direction toward the central axis C of the ta- 
pered hollow waveguide 4. io 

The first condenser lens group 3 as the first 
lens introducing energy light is a positive lens 
group wherein two pieces of flat convex lenses 
are disposed with their planes adjacent to each 
other and is disposed coaxially with the central 75 
axis C of the tapered hollow waveguide 4. Laser 
luminous fluxes irradiated from the respective 
optical fit>ers B are made incident on a plurality 
of spots on the first condenser lens group 3. 
Then, the optical axes L of these laser luminous 20 
fluxes are bent toward the incident port of the 
tapered hollow waveguide 4 by the refractive 
force of the first condenser lens group 3. At the 
same time, as shown in Rg. 2, the laser lu- 
minous fluxes are guided in the vicinity of the 25 
central axis C of the tapered hollow waveguide 
4. Furtiier, the convergent angles fi of the laser 
luminous fluxes at this time are represented by 
the following expression: 

30 

0 = (fio/fn )xNAf„<n (1) 

Herein, fio indicates a distance from the inradiat- 
ing end surface of the optical fiber B on the 
upstream side to the incident side main point of 35 
the first condenser lens group 3. Also. fi 1 is a 
distance from the irradiating end main point of 
the first condenser lens group 3 to the condens- 
ing point. NAjr»^i is the numerical aperture of the 
irradiating end surface of the optical fiber B. 40 

The tapered hollow waveguide 4 as the op- 
tical waveguide is the one made, for example, 
by cutting the inside of a brass block and mak- 
ing a hole in a tapered shape and gilding its 
inner surface. As shown by the sectional view in 45 
Rg. 2, this tapered hollow waveguide 4 is pro- 
vided witii a relatively large diameter incident 
port 4a and a relatively small diameter in^adia- 
tion port 4b. Then, between these incident port 
4a and irradiation port 4b a tapered inner reflec- so 
tion surface 4c whose inner diameter changes 
gradually and uniformly is provided. 

The radius Ro this incident port 4a Is deter- 
mined by the following condition: 

55 

Ro > ro = (fii/fio)xri„^i (2) 



Herein, ro indicates a range for forming images 
on the irradiating end suiface of the optical fiber 
B at a convergent point. That is. it is the range 
for expansion of the laser luminous fluxes. Also, 
rin^i indicates the core radius of the optical fiber 
B on the upsti^eam side 

On the other hand, a distance from the 
inradiation port 4b of the tapered hollow 
waveguide 4 to the optical fiber 7 on the down- 
stream side may be obtained by the following 
relational expression in accordance with the 
Lagrangian law: 

Ri "Tout = «»sin~^ NAoui^i (3) 

As shown in Rg. 5, Ri is the radius of the 
irradiation port 4b of the tapered hollow 
waveguide 4, 7oui is a light expansion angle at 
the irradiation port, « is a spot radius at the 
incident end of the optical fiber 7 on the down- 
stiream side and NAoui^i is the numerical ap- 
erture of the incident end tiiereof. The condition 
for incidence on the optical fiber on the down- 
stream side is that its core radius 7out^i must 
be larger than the spot radius Thus, by com- 
bining this condition and the expression (3), the 
following relational expression is obtained: 

7out < (toui^i/Ri )«sin-^NAo„,^i (4) 

Also, from Rg. 3, 

Tom = (N-1/2) e + a + B + 0/2 (5) 

Herein, e means the total angle of the reflection 
surface 4c of the tapered hollow waveguide. 
Also, a is the inclined angle of the optical axis L 
of a laser k>eam irradiated from the optical fitter 
B on the upstream side to the axis C of the 
tapered hollow waveguide 4 after bending by 
the first condenser lens 3. N is the numt>er of 
reflecting times of a laser beam on the tapered 
inner reflection surface 4c of the hollow 
waveguide 4 and it is a value to be determined 
by the following way. That is, an optical path 
within ttie hollow waveguide is unequivocally 
determined and a reflecting position is repre- 
sented by a 2-dlmensional coordinate within a 
plane including the optical path C. For example, 
when the longitudinal direction of the hollow 
waveguide 4 is x and the diameter direction of 
the hollow waveguide 4 within the plane includ- 
ing the optical path C is y, in the case of the 
tapered hollow waveguide 4, reflection is re- 
peated and finished before a point where y 
becomes smaller than the diameter R of the 
irradiation port 4b. Thus, the value of N is deter- 
mined as the number of reflecting times, that is 
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at the time when this reflection is finished. The 
length L of the tapered hollow waveguide 4 is 
determined by the condition that it must be 
shorter than its position. 

The following relational expression results s 
from the expressions (4) and (5): 

N a + a + ^ <(7oiit*i/Ri)-sin-^NAo«*i (6) 

Furtiier, at the above expressions (4) and (6), as io 
the core radius 7out^i of ttie optical fiber 7 on 
the downstream side is expanded by tfie second 
condenser lend 5. 7out<^i is substituted with 
t'oui^i corrected as in the following expression 
(7): 15 

7*oul^l = (foiJT(/foun)X7out^i (7) 

Herein, fouro means a distance from the irradia- 
tion port 4b to the incident side main point of 20 
the second condenser lens group 5. Also, foun 
is a distance from the irradiating side main point 
of the second condenser lens group 5 to the 
incident end surface of the optical fiber 7. Simi- 
larly, at the above expressions (3), (4) and (6). 25 
NAout^i is substituted with NA'out^i corrected 
as in the following expression (8): 

NA'out<l>i = (fouti/^oimj) X NAou,*! (8) 

30 

Herein, NAout^i is the numerical aperture of the 
incident end surface of the optical fiber on the 
downstream side. 

Further, materials for the tapered hollow 
waveguide 4 are not limited to brass but such 35 
materials as aluminum alloy, copper alloy and 
the like may be used. 

The second condenser lens group 5 as the 
second energy light introducing lens is one 
piece of a convex lens and disposed coaxially 40 
with the centra] axis C of the tapered hollow 
waveguide 4. Laser luminous fluxes In'adiated 
from the irradiation port 4b thereof are made 
incident on the second condenser lens 5. Then, 
these fluxes are converged on the incident end 45 
surface of the optical fiber 7. As shown in Rg. 5, 
an aperture 6 is a diaphragm for preventing tiie 
generation of stray lights by limiting the outer 
edge of laser beams to be made incident on the 
incident end surface of the optical fiber 7. 50 

The optical fiber 7 on the downstream side 
is for transmitting laser beams converged by the 
second condenser lens 5. That is, the incident 
end thereof is optically connected to the tapered 
hollow waveguide 4. The irradiating end part 55 
thereof is connected to the heaidpiece 8. 

The inside of the headpiece 8 Is constructed 
as shown in Fig. 4. That is, on the inside of the 



headpiece 8, immediately after ttie irradiating 
end surface 7a of the optical fiber 7 on the 
downstream side the third condenser lens 8a is 
fixed. This third condenser lens 8a is a convex 
lens and on a side outer than its incident side 
focussing position the irradiating end surface 7a 
of the optical fitter 7 is disposed. Thus, laser 
luminous fluxes irradiated from the irradiating 
end surface 7a thereof are converged by the 
third condenser lens 8a. The spot diameter w at 
the converging point is determined by the ex- 
pression t>elow: 

o = (f2/fi)xd (9) 

Herein, fi means a distance firom the irradiating 
end surface 7a of the optical fiber 7 to the 
incident side main point of the third condenser 
lens 8a. Also. f2 is a distance from the irradiat- 
ing side main point of the third condenser lens 
8a to the converging point and d is the core 
diameter of the optical fiber 7. 

The articulated robot 11 it controlled by a 
controller (not shown in the Figure) and the 
headpiece 8 held by its tip is made movable 
three-dimensionally. The machining station 10 is 
a table whereon the workpiece 9(work) to be 
machined by moving the headpiece 8 is moun- 
ted. 

According to this first embodiment, laser 
beams oscillated by the respective laser oscilla- 
tors A1 to An and transmitted by the respective 
optical fibers B1 to Bm on the upstream tide are 
irradiated from the fitter connector 2. These irra- 
diated laser beams are made incident respec- 
tively on different spots of the first condenser 
lens group 3. The optical axes of these incident 
lights are bent by the first condenser lens group 
3 and converged toward the incident port 4a of 
the tapered hollow waveguide 4. The laser 
beams made incident on the tapered hollow 
waveguide 4 in this way are multiplexedly re- 
flected on the tapered inner reflection surface 
4c, coupled as uniform and directionless mul- 
tit>eams, collected as they advance thereon and 
irradiated from the irradiation port 4b. These 
irradiated laser beams are provided with uniform 
strength distribution in a circumferential direction 
and diffused at a constant angle range a. Then, 
they are converged by the second condenser 
lens 5 and made incident on the incident end 
surface of the optical fiber 7. The laser beams 
thus made incident are transmitted therein and 
led to the headpiece 8 fixed on the inradiating 
end 7a thereof. Then, they are converged by the 
third condenser lens 8a and the workpiece 9- 
(work) mounted on the machining station 10 is 
heated. 
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2. Fig. 6 is an out line external view showing the 
industriaJ laser t>eam machine incorporating the 
fiber coupler according to the second embodi- 
ment of the present invention. This second em- 
t)0diment is different from the first in that in- 5 
stead of the tapered hollow waveguide 4 a cylin- 
drical hollow waveguide 24 is used. 

As shown in Rg. 6, the laser beam machine 
according to this embodiment is constructed by 
laser oscillators A for irradiation power laser io 
beams, the optica) fibers B on the upstream side 
from plural systems connected thereto, a fiber 
unifier 21 provided on the mid-way of these 
optical fit)8rs B, a fiber connector 22 provided 
on the irradiating end part thereof, a first con- 75 
denser lens 23, the cylindrical hollow waveguide 
24, a second condenser lens 25, an aperture 26 
ax\d a optical fiber 27 on the downstream side 
disposed in order on the optical axes of inradi- 
ated lights therefi'om, a headpiece 28 attached 20 
to the irradiating end of this optical fiber 27, an 
articulated robot 31 for freely movably holding 
this headpiece 28 and a machining station 30 
which is a working table whereon a workpiece 
29(work) to be processed by this headpiece 28 25 
is set. Each of these components will be de- 
scrit>ed in detail below. 

The laser oscillators A are for oscillating 
power lager beams of high density and they are 
gas lasers of Ar lasers, etc., or solid lasers of 30 
YAG(yttrium aluminum garnet) lasers, etc. When 
YAQ lasers are used for these laser oscillators 
A, a laser power output of about 800W may be 
obtained from one laser oscillator A. The plural 
number of these laser oscillators A must be set. 35 
That is, the same number as gained by dividing 
an output necessary for processing a workpiece 
by the output of each laser ojscillator A must be 
set. 

The optical fibers B on the upstream side 40 
are for transmitting laser beams oscillated at the 
laser oscillators A. These optical fibers B are 
disposed by the same number as that of the 
laser oscillators A, the incident ends of the re- 
spective optical fibers are connected to the loser 45 
oscillators A, collected in a bundle by the fiber 
unifier 21 at the middle, connected to the fiber 
connector 22 to become irradiating end parts 

The fiber connector 22 is for fixing the irra- 
diating ends of the respective optical fibers B. so 
By means of this, the irradiating ends tiiereof 
are fixed in parallel to one another and in a 
direction toward the central axis C of the cylin- 
drical hollow waveguide 24. 

The first condenser lens group 23 as the 55 
first lens introducing energy light is a positive 
lens group wherein two flat convex lenses are 
disposed with their planes adjacentiy provided 



and disposed coaxially with the central axis C of 
the cylindrical hollow waveguide 24. l.aser lu- 
minous fluxes irradiated from the respective op- 
tical fibers B are made incident on a plurality of 
spots on the first condenser lens group 23. 
Then, the optical axes L of these laser luminous 
fluxes ore bent toward the central axis C of the 
cylindrical hollow waveguide 24 by the refractive 
force of the first condenser lens group 23. At the 
same time, as shown in Rg. 7, the laser lu- 
minous fluxes are introduced to the vicinity of 
the control axis C thereof. The convergent an- 
gles fi of the laser luminous fluxes at this time 
are represented by the following expression: 

fi = (fio/ffii)xNAin<^i (10) 

Herein, fio means a distance from the irradiating 
end surface of the optical fiber B on the up- 
stream side to the incident side main point of 
the first condenser optical lens group 23. Also, 
fi 1 is a distance firom the irradiating side main 
point of the first condenser optical lens group 23 
to a converging point. NAin ^1 is the numerical 
aperture of the inradiating end surface of the 
optical fiber B on the upstream side. 

The cylindrical hollow waveguide 24 as the 
optical waveguide is the one made by, for ex- 
ample, cylindrically cutting the Inside of a brass 
block to make a hole and gilding its Inner sur- 
face. As shown by the sectional view in Rg. 7, 
this cylindrical hollow waveguide 24 is provided 
with an incident port 24a and an . irradiation port 
24b having the same diameters. 

The radiuses Ro of these incident port 24a 
and in^adiation port 24b are determined by the 
following condition: 

Ro > ro = fii/fio)xri„^i (11) 

Herein, ro is a range for forming images on the 
irradiating end surface of the optical fiber B at a 
convergent point. That is, it is the range for 
expansion of laser luminous fluxes. Also, ^1 . 
is the core of the optical fiber B. 

On the other hand, the relation between the 
irradiation port 24b of tiie cylindrical hollow 
waveguide 24 and the optical fiber 27 is repre- 
sented by the following expression in accor- 
dance with the Lagrangian law: 

Ri»7out = wsin"^NAout^i (12) 

Herein, Ro Is the radius of the irradiation port 
24b of the cylindrical hollow waveguide 24, 7out 
is a light expansion angle at the Irradiation joort, 
<a is the spot radius of the incident end of the 
optical fiber 27 and NAout^i is the numerical 
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aperture of the incident end of the optical fiber 
27 on the downstrean^ side. 

The condrtion for incidence on the optical 
aperture on the downstream side is that the core 
radius joath of the optical fiber 27 on the down- s 
stream side must be larger than the spot radius 
<a. Thus, the following relational expression is 
obtained by combining this condition and the 
expression (12): 

10 

7out < (rout^i /Ri )• sln-^ NAout^i (1 3) 
Also, from Fig. 8, 

7out = « (14) 75 

Herein. B is the inclined angle of a laser beam 
irradiated from the optical fiber B on the up- 
stream side to the axis C of the cylindrical 
hollow waveguide 24 after t)ending by the first 20 
condenser lens group 23. 

From these expressions (13) and (14), the 
following relational expression result: 

« < (roui^i /Ri )• sin-iNAout<^i (1 5) 25 

Further, at the aboye expressions (13) and (14), 
as the core radius routi of the optical fiber 27 Is 
expanded by the second condenser lens 25. 
Tout^i . is substituted with r*outi^1 corrected as in 30 
the following expression (16): 

r'outi^l = (fouTi/foun) X rout^i (16) 

Herein, fouti is a distance from the irradiation 35 
port 24b to the 

incident side main point of the second con- 
denser lens group 25. Also, fomi is a distance 
from the irradiating side main point of the sec- 
ond condenser lens group 25 to the incident end 40 
surface of the optical fiber 27. 

Similarly, at the above expressions (12), (13) 
and (15), NAqut^i Is substituted with NA'our^i 
conrected as in the following expression (17): 

45 

NAWi = (foun/fouTo) x NAqut+i (17) 

Herein, NAoin^i is the numerical aperture of the 
incident end surface of the optical fiber 27. 

Further, materials for the cylindrical hollow so 
waveguide 24 are not limited to brass but alu- 
minum alloy or copper alloy may be used. 

The second condenser lens group 25 as the 
second lens introducing energy light is one 
piece of a convex lens and disposed coaxially 55 
with the central axis C of the cylindrical hollow 
waveguide 24. Laser luminous fluxes irradiated 
from the irradiation port 24b of this cylindrical 



hollow waveguide 24 are made incident on the 
second condenser lens 25. Then, these lumi- 
nous fluxes are converged on the incident end 
surface of the optical fiber 27. . 

An aperture 26 is a diaphragm for prevent- 
ing the generation of stray lights by limiting the 
circumferential edge of laser beams to be made 
incident on the incident end surface of the op- 
tical fiber 27. 

The the optical fiber 27 on the downstream 
side is for transmitting laser beams converged 
by the second condenser lens 25. That is, the 
incident end thereof is optically connected to the 
cylindrical hollow waveguide 24. The irradiating 
end part thereof is connected to the headpiece 
28. 

The inside of the headpiece 28 is construct- 
ed as shown in Rg. 4. That is. on the inside of 
the headpiece 28 the third condenser lens 28a 
Is fixed Immediately after the irradiating end 
surface 27a of the the optical fiber 27. This third 
condenser lens 28a is a convex lens and the 
Irradiating end surface 27a thereof is disposed 
on a place outer than its incident side focussing 
position. Thus, laser luminous fluxes irradiated 
from the irradiating end surface 27a of the op- 
tical fiber 27 are converged by the third con- 
denser lens 28a. The spot diameter w at a 
converging point is obtained by the following 
expression: 

<u = f2/fixd (18) 

Herein. fi is a distance from the irradiating end 
surface 27a of the the optical fiber 27 to the 
incident side main point of the third condenser 
lens 28a. Also, h Is a distance from the irradiat- 
ing side main point of the third condenser lens 
28a to the converging point and d is the core 
diameter of the optical tiber 27. 

An articulated robot 31 is controlled by a 
controller (not shown in the Figure) and it is for 
making the headpiece 28 held by its tip three- 
dimensionally movable. A machining station 30 
is a table whereon a workpiece(work) to be 
processed by moving the headpiece 28 Is 
mounted. 

According to this second embodiment, laser 
beams oscillated by the laser oscillators A1 to 
An and transmitted by the optical fit)ers B1 to 
Bn are Irradiated from the fiber connector 22. 
These irradiated laser beams are made incident 
on the different spots of tiie first condenser lens 
group 23. These incident laser t)eams are con- 
verged toward the incident port 24a of the cylin- 
drical hollow waveguide 24 with their optical 
axes bent by the first condenser lens group 23. 
The laser beams made incident on the cylin- 
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drical hollow waveguide In this way are mul- 
tiplexedly reflected on the tapered Inner reflec- 
tion surface 24c. coupled as uniform and direc- 
tionless muttibeams and irradiated from the irra- 
diation port 24b. The laser t>eams thus irradiated 
are provided with uniform strength distribution in 
a circumferential direction and diffused at the 
range of a constant angle. Then, they are con- 
verged by the second condenser lens 25 and 
made incident on the incident end surface of the 
optical fiber 27. These incident laser beams are 
transmitted therewithin and led into the head- 
piece 28 fixed on the irradiating end surface 27a 
of the the optical fiber 27. Then, they are con- 
densed by the third condenser lens 28a and the 
workpiece 29(work) set on the machining station 
30 is heated. 

3. Rg. 9 Is a view showing the main parts of the 
fiber coupler according to the third embodiment 
of the present invention. This third embodiment 
is different from the first in that the irradiating 
end parts of the optical fit>ers B on the upstream 
side are not disposed in parallel to one another 
by the fiber connector 2 and not one set but 
plural sets of the first condenser lens groups 43 
are used. It is similar to the first on other points. 
As shown in Fig. 9, the optical fit)ers B on the 
upstream side as the optical fiber for introducing 
energy light are for transmitting laser beams os- 
cillated by the laser oscinators(not shown in the 
Rgure). TTiat is, the incident ends of the respective 
optical fibers B on the upstream side are con- 
nected to the laser oscillators and receive the in- 
cidence of the oscillated laser beams. As for the 
optical fibers B on the upstream side , the same 
number as that of the laser oscillators are provided. 
The irradiating ends of the respective optical fibers 
B on the upstream side are fixed along the radi- 
ation around the position of the central axis C on 
the incident plane 44a of the tapered hollow 
waveguide 44. 

The first condenser lens groups 43 as the first 
lens for introducing energy light are positive lens 
groups wherein two pieces of flat convex lenses 
are disposed with their planes adjacently placed 
and disposed on every optical fibers B on the 
upstream side. Laser luminous fluxes irradiated 
from the respective optical fibers B are made in- 
cident on the first condenser lens groups 43. Then, 
these laser luminous fluxes are converged on the 
central axis C of the cylindrical hollow waveguide 
44. The convergent angles /9 of the laser luminous 
fluxes at this time are represented by the following 
expression: 

fi = (fb/fii)xNA,„^i (19) 



Herein, fio is a distance from the irradiating end 
surface of the optical fiber B on the upstream side 
to the incident side main point of the first con- 
denser lens group 43. Also. fi i is a distance from 

5 the irradiating side main point of the first condenser 
lens group 43 to the convergent point. NAi„<^i is 
the numerical aperture of the inradiating end sur- 
face of the optical fiber B on the upstream side. 
The tapered hollow waveguide 44 as the optical 

10 waveguide is the one made by. for example, cut- 
ting the inside of a brass block in a tapered shape 
to make a hole and guiding its inner surface. As 
shown in Rg. 9, this tapered hollow waveguide 44 
is provided with a relatively large diameter incident 

75 port 44a and a relatively small diameter irradiation 
port 44b. Between the incident port 44a and the 
irradiation port 44b a tapered inner reflection sur- 
face 44c whose inner diameter changes gradually 
and uniformly is provided. 

20 The radius Ro of this incident port 44a is 
detemnined by the following condition: 

Ro >ro = (fii/fio)xr,„^i (20) 

25 Herein, ro is a range for forming images on the 
irradiating end surface of the optical fiber B on the 
upstream side at the convergent point. That is. it is 
the range for expansion of laser luminous fluxes. 
Also, Hn ^1 . is the core radius of the optical fiber B 

30 on the upstream side. 

On the other hand, the relation between the 
irradiation port 44b of the tapered hollow 
waveguide 44 and the optical fiber B is obtained by 
the following expression in accordance with the 

35 Lagrangian law: 

Rttoui = wsin~^NAout^i (21) 

Herein, Ri is the radius of the in-adiation port 44b 
40 of the tapered hollow waveguide 44. 7out a light 
expansion angle at the irradiation port, «> the spot 
radius at the incident end of the optical fiber 47 on 
the downstream side and NAout^i the numerical 
aperture of the incident end of the optical fiber 47 
45 respectively. 

The condition for incidence on the the optical 
fiber 47 is that the core radius rout^i thereof must 
be larger than the spot radius <a. Thus, the follow- 
ing relational expression is obtained by combining 
50 this condition and the expression (21): 

7out < (rout*i/Ri)*sin-^NAout*i (22) 
Also, from Rg. 3. 

55 

Tout = (N-1/2) e + a + i8 + 0/2 (23) 
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Herein, $ is the total angle of the reflection surface 
4c of the tapered hollow waveguide. Also, a is the 
inclined angle of the optical axis L of a laser beam 
irradiated fronr> the optical fiber B to the axis C of 
the tapered hollow waveguide 4 after bending by 
the first condenser tens group 43. N is the number 
of laser beam reflecting times on the tapered inner 
reflection surface 4c of the waveguide 4 and its 
value is determined by the following way. That is, 
an optical path within the waveguide is unequivo- 
cally set and a reflection position may be repre- 
sented by a two-dimensional coordinate within a 
plane including the optical path C. For example, 
when the longitudinal direction of the hollow 
waveguide 4 is x and the diameter direction thereof 
within 

the plane including the optical path C is y. in the 
case of the tapered hollow waveguide 4, reflection 
Is repeated and finished before a Point where y 
becomes smaller than the diameter Ri of the irra- 
diation port 4b. Thus, the numerical value of N is 
determined as the number of reflecting times, that 
Is. at the time when this reflection Is finished. The 
length L of the tapered hollow waveguide 4 is 
determined under the condition that it must be 
shorter than its position. 

The following expression results from the ex- 
pressions (22) and (23): 

N e + a + ^ < (rout*i/Ri)*sin-^NAout^i (24) 

Further, at the above expressions (22) and 
(24), as the core radius rout^i of the optical fiber 47 
is expanded by the first condenser lens 45, roui<#»i 
is substituted with r'oui^i corrected as in the follow- 
ing expression (25): 

r'out^i = (fouTo^oun) X rout^i (25) 

Herein, fouro is a distance from the irradiation port 
44b to the incident side main point of the second 
condenser lens group 45. Also, foun is a distance 
from the irradiating side main point of the second 
condenser lens group 45 to the incident end sur- 
face of the optical fiber 47. 

Similarly, at the above expressions (21), (22) 
and (24). NAqut^i is substituted with NA'our^i 
corrected as in the following expression (26): 

NA'ouT^i = (foun/louro) x NAour*, (26) 

Herein, NAoin^i is the numerical aperture of the 
incident end surface of the optical fiber 7 on the 
downstream side. 

Further, materials for the tapered hollow 
waveguide are not limited to brass but aluminum 
allay or copper alloy mayt>e used. 



The second condenser lens group 45 as the 
second lens for introducing energy light is a relay 
lens system constructed by a colli mating lens 45a 
which is a flat convex lens and a condenser lens 

5 45b and a positive lens group as a whole. The 
second condenser lens group 45 is diplosed co- 
axial ly with the central axis C of the tapered hollow 
waveguide 44. Laser luminous fluxes irradiated 
from the irradiation port 44b thereof are made 

70 incident on the second condenser lens group 45. 
Then, these luminous fluxes are converged on the 
incident end surface of the optical fiber 47. 

The optical fiber on the downstream side is for 
transmitting laser beams converged by ttie second 

75 condenser lens group 45. That is, the incident end 
of the optical fiber 47 on the downstream side is 
optically connected to the tapered hollow 
waveguide 44. The irradiating end part (not shown 
in the Rgure) of this optical fiber 47 is led to a 

20 processing position(not shown in the Rgure). 

According to this embodiment, laser beams 
oscillated by oscillators (not shown in the Figure) 
and transmitted by the respective optical fibers B 
on the upstream side are irradiated from their irra- 

25 diating end surfaces. These irradiated laser lumi- 
nous fluxes are made incident on the first con- 
denser lens groups 43. The incident fluxes are 
converged toward the incident port 44a of the ta- 
pered hollow waveguide 44. Then, they are mul- 

30 tiplexedly reflected on the tapered inner reflection 
surface 44c, coupled as uniform and directionless 
multibeams. collected as they advance thereon and 
irradiated from the inradiation port 44b. The laser 
luminous fluxes thus irradiated are provided with 

35 uniform strength distribution in a circumferential 
direction and diffused at a constant angle range a. 
Then, they are converged by the second con- 
denser lens group 45 and made incident in single 
focus on the incident end surface of the optical 

40 fiber 47 on the downstream side. The laser t)eams 
made incident in this way are transmitted there- 
within and irradiated from the irradiating end sur- 
face of the optical fiber on the downstream side on 
the processing position (not shown in the Rgure). 

45 At the fiber coupler according to the present 
invention described above, it is not necessary to 
dispose optical elements precisely and it is possi- 
ble to couple energy lights from plural systems in 
single focus. Further, it is possible to prevent dam- 
so ages to the optical fiber given when the parts other 
than the core thereof are irradiated with strong 
power lights due to focussing shifts and muttifocus- 
ses. 

55 Claims 

1. A fiber optical coupler, comprising: 
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(1) an optical waveguide having a front and 
rear portion, comprising; 

(A) at least one incident port for receiving 
incidence of energy lights from plural 
systems; 

(B) an irradiation port formed on the rear 
portion for irradiating said energy lights; 

(C) an inner reflection surface, compris- 
ing a closed surface from said incident 
port to said irradiation port; and 

(2) a first optical fit>er disposed in the area 
of the rear portion of said optical waveguide 
for receiving incidence of energy lights irra- 
diated from said irradiation port. 

Z The fiber optical coupler according to claim 1. 
further comprising second optical fibers intro- 
ducing an energy light whose irradiating end 
surface Is disposed near said incident port of 
said optical waveguide, whereby said energy 
lights are made incident on said incident port 
of said optical waveguide by irradiation from 
said second optical fiber introducing the en- 
ergy light. 

3. The Tiber optical coupler according to claim 2, 
wherein said second fiber comprises a fiber 
bundle system. 

4. The fiber optical coupler according to claim 1 , 
wherein said first optical fiber comprises a 
fit)er bundle system. 

5. The fiber optical coupler according to claim 1, 
wherein said first fit>er comprises a single fiber 
system. 

6. The fiber optical coupler according to claim 2, 
further comprising; 

a first lens for introducing the energy lights 
disposed between said second optical fiber 
introducing the energy light and said optical 
waveguide, whereby said first lens introducing 
the energy lights converges said energy lights 
irradiated from said second optical fiber in- 
troducing the energy light. 

7. The fiber optical coupler according to claim 1, 
further comprising; 

a second lens introducing the energy 
lights, disposed between said optical 
waveguide and said first optical fibier. where by 
said second lens converges energy lights irra- 
diated from said optical waveguide and makes 
said energy lights incident on said first optical 
fiber. 



& The fiber optical coupler according to claim 1, 
wherein said inner reflection surface comprises 
a boundary t>etween material having a high 
refractive index and a layer of material having 
5 a refractive index lower than said high refrac- 

tive index. 

9. The fiber optical coupler according to claim 8. 
wherein said material having a high refractive 

10 index and said material having a lower refrac- 
tive index are dielectric media. 

10. The fiber optical coupler according to claim 1, 
wherein said inner reflection surface comprises 

75 a hollow inner surface provided in said optical 
waveguide. 

11. The fiber optical coupler according to claim 10, 
wherein said inner reflection surface comprises 

20 the surface of metal. 

12. The fiber optical coupler according to claim 1. 
wherein said inner reflection surface has an 
inner diameter that is reduced in the direction 

25 from said incident port to said irradiation port. 

13. The fiber optical coupler according to claim 1, 
wherein said inner reflection surface has an 
inner diameter that is constant from said in- 

30 cident port to said irradiation port. 

14. The fiber optical coupler according to claim 1, 
wherein said optical waveguide comprises 
more than one incident port, and further com- 

35 prises a Y-branch or grating. 

15. The fiber optical coupler according to claim 1, 
further comprising a condenser lens disposed 
near the pear portion of said optical fiber. 

16. A fiber optical coupler, comprising; 

(A) a plurality of optical fibers; 

(B) a lens for converging respective energy 
lights irradiated from said optical fibers; 

45 (C) an optical waveguide, comprising a cav- 

ity for receiving said converged energy 
lights, a reflection surface sunrounding said 
cavity, and apertures provided at botii ends 
of said cavity; 

50 (D) a lens for converging energy lights irra- 

diated from said optical waveguide; and 
(E) an optical fiber for receiving said con- 
verged energy lights. 

55 
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